Introduction
In terms of sensitivity and equipment, there are several differences between Close Range Photogrammetry (CRP) which is today often used for documentation of historical and cultural structures, restoration, relievo studies, and Terrestrial Laser Scanner (TLS) technology which is recently started to be used for 3D modelling of every kind of objects and geometric data acquisition. Terrestrial laser scanning is a new technology that enables easy and fast data acquisition from objects with complex structures such as buildings, machines, etc. In recent years, some manufacturers designed and improved different systems for specific purposes [4] . The combination of terrestrial image photogrammetry and CRP method, which is also a new technology, provides us new opportunities in presentation of 3D photorealistic models, classification of real objects and creation of visual reality [9] . TLSs usage becomes more popular day by day since they present quick and effective solutions in the way of acquiring 3D geometric information on objects. Some of the significant study areas that benefit from TLS are as follows: Since data acquisition is possible via limning, little time are the main elements and characteristics. Terrestrial laser scanners allow the imaging of the object as a point cloud by scanning them as point series in horizontal and vertical directions, under a specific angle. Point cloud data contains polar coordinates (X, Y, Z) which are based on the scanner and a value of reflection density (tons) information for each point measured. These values (polar coordinate, etc.) can be printed in several formats, namely in txt format [10] .
Fig. 1.1. Sample Point Cloud Data from TLS
Integration of scanning data from different station points in a single coordinate system is realized by the help of artificial targets. By coordinating the targets in question by the help of geodesic methods (Total Station etc.) object coordinates are obtained within the desired reference system. TLS point cloud data is a very intense data set, and making a study with CAD (Microstation, Autocad, etc.) software necessitates computers with very potent hardware and very experienced operators. In order the TLS data to be used in terrestrial photogrammetry, points with known coordinates that will be used in image rectification should be picked up from the whole TLS point cloud data. The sample point cloud data from TLS was shown in Fig. 1.1 . The purpose of this chapter is to provide a filter creation in which surfaces in architectural photogrammetry can be automatically distinguished, so the operator's duty will be reduced under the density of point cloud taken from the surfaces via terrestrial laser scanner. Purpose of the algorithm is to obtain real surface of the scanned object and to reduce the volume of data. In this algorithm, vertical flat surfaces of the structure are auto-selected, irrelevant points are filtered. Depending on the object's surface, different methods should be www.intechopen.com With the improvement of application areas and the advantages mentioned, terrestrial laser technology is academically an interesting topic and continues to be studied.
Equipment and data structure of terrestrial laser scanners
Laser technology is an area of research since 1960's; however using laser technology for the sake of making measurements is relatively new concept. As laser scanning systems are innovated, they gain a broader area of application, too. By different companies, depending on their application specifications IQSun, Leica, Optech, Callidus, Trimbe, Riegl, etc. (Table  2 .1) and depending on their distance lengths (1m -1500m) some terrestrial laser scanners which are shown in Fig. 2.1 , are manufactured.
Leica -HDS 3000
Leica -HDS 4500 Optech -ILRIS 3D
Trimble-(Mensi) GS200 Riegl LMS-Z210i Callidus -CP 3200 As seen in Table 2 .1 and 2.2, it is necessary to choose a scanner relevant to the scanning surface and the desired sensitivity. For instance, for a completed road project, in order to control the suitability of the manufactured product with respect to the project or in the volume measurement of huge excavation fields such as stone pits, sand, gravel, borrowed pits, TLSs like Optech, Riegl can be preferred, because they measure distance with Time of Flight principle (<1000) and a sensitivity of <20mm is more than satisfying in such applications. However, in a surface with a reduced cross-sectional area, such as a tunnel, a machine of <100 m measurement range should be preferred [3] . The broadest distance measuring method of the scanners, which can be examined under three groups according to their distance measuring principle, is the time of flight method as shown in Table 2 .2. The basis of TLS system shown in Fig 2. 3, which uses time of flight distance measuring method, is the process of measuring distance by recording the time of flight. That is, it records the time of reflection of laser beam sent by pulse from the object's surface points, the moment of origin of laser beam that leaves the scanner and its time of return, namely the time of flight, so it measures the distance.
Object

Mirror
Laser System Laser Light within short distances, work under this principle. They are used in the area of industrial and sensitive applications and for small objects [2] . If scanning unit is inspected generally, the following items can be seen: Laser transmitter transmits an initial laser pulse which goes to the transmitter and serves to initialize the time measurement unit at the same time. Detector (AGC) is used in the detection of laser signal reflected from the surface and when the signal from measured object is detected by the detector, the time measurement unit initialized by the initial pulse also stops [1] . Distance of the target to the scanner can be calculated with the equation of;
In equation (2.1), c represents the speed of light, t represents the time that passes during the contact of laser pulse to the measured object and its return. Laser beam deviation unit is used to deflect the beam in vertical and if necessary horizontal direction and the following items are used in this process:
Swinging polygon mirrors, • Galvanometric mirrors. Scanning unit is generally high capacity, often portable computers, in which Terrestrial Laser Scanner software is installed and which is used for recording the whole scanning process and for recording and controlling the data obtained. Power source is composed of one or more batteries. Laser scanner gets its power from these batteries. TLSs are used with an adjustable stand, which can be adjusted depending on the station point used and its purpose of usage.
Data structure of terrestrial laser scanners
Laser scanners allow the imaging of the object as a point cloud by scanning them as point series in horizontal and vertical directions, under a specific angle. Scanner-centric polar coordinates are measured for each of the laser points. These are; slant distance to measured point P, the angle of measurement line with X-axis and horizontal plane α , and the slope angle of measurement line with horizontal plane φ. Terrestrial laser scanners accept their positioned point as their initial point as shown in Fig. 2 .6. They perform a measurement completely based on their local coordinate systems [10] .
Laser Scanner
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Fig. 2.6. TLS Local Coordinate System
Obtained point cloud data can be processed in various formats as coordinate, angle distance such as DXF for CAD models, ASCII for surface modelling, VRML format for visualization and txt or pts. Point cloud data can be obtained by the software, which varies depending on different TLS models used. The software exist in goal-oriented modules, in order to obtain raw data, to transform the data into a form that can be worked on, to perform texturing (when necessary) etc. In Fig.  2 .7, point cloud data, which is visualized with RGB density values and scanned with Leica HDS -3000 terrestrial laser scanner.
Data integration techniques for TLS in surveying
The use of TLSs in photogrammetric data production is a preferred method today. Points with known coordinates that will be used in image rectification should be picked up from the whole TLS data. Those points are defined as maximum and minimum points over object surfaces. However, because of different scanning angles within TLS data and dense point cloud data, reading and processing of these points over surfaces necessitate a difficult research and it is not time-effective for the operator that produces data. Especially in photogrammetric data creation, in the studies of architectural restoration and the protection of cultural heritage, the data are the images, converted vertically. Taking these images from TLS data, the point cloud set, and using them in photogrammetric image rectification can be done by means of an operator. In order to make this study independent from the operator, differentiating surfaces with different depth over point cloud data can be followed as an integration method [5] [6] [7] [8] .
As an integration method, in order to determine different surfaces of different depths automatically, a geometric filtering method research is made in this study. Thanks to this integration method, data required for image rectification which is a part of photogrammetric data production can be created automatically without any human factor over the point cloud data which forms TLS data. Data file that constitutes the basis of TLS data format coordinate information and the data that constitutes photogrammetric coordinate information are the same in terms of data coordinate information. However, in order to integrate photogrammetric data automatically, data of vertically converted photographic information should be selected accurately within this point cloud data. They should be classified with a filter algorithm used within this point cloud data. Cyclone 5.2 software is used in forming these TLS point cloud data. When coordinate information of the point cloud data obtained with this software is examined, an orderly processing and classification can not be seen in data contents. In this case, determination of point coordinate from point cloud data can be made by the help of operator, manually, on CAD interface of the software. 3D classification of the data is considered, by applying a filter with the help of a mathematical algorithm over raw data obtained for the classification of point position data of different depth-surfaces. We worked on a mathematical algorithm that would be able to make this classification and the point cloud data is automatically classified under MatLAB environment with an algorithm based on geometric location information. Thus, without any operational interference, it will be possible to obtain information photogrammetrically on point cloud data. In measurement technology, besides the photogrammetric method, terrestrial laser scanning and modeling technology are intensely used in architectural documentation and cultural heritage studies. In the perception of engineering perspective, these two methods are independent of each other. However, these two methods can be combined with each other in the essential parts of architectural documentation and cultural heritage studies. While one is implementing these applications, the working procedure is so significant that if the amount of data increases, time consumption reaches higher levels. These two methods are compulsorily optimized for working in a collaborative way, especially in the large-scale studies. This necessity leads to the application of two types of integration. One of them is hardware integration, and the other one is data integration. Nevertheless, the laser scanner-measuring algorithm has some problems. The first problem stems from the huge amount of data. The point cloud of a historical building easily contains more than one million measured points. Such a huge amount of data causes problems on CAD documentation. In addition to this significant problem, the huge amount of data also causes problems in photogrammetrical documentation of surfaces, especially in the process of photogrammetric image rectification for building facades [11, 12] . There is a variety in the methodology for such studies. Some studies combine laser scanner data and photogrammetry in cultural heritage recording [3, 6] . Others apply different techniques for the treatment of laser data. Some of the techniques focus on the object segmentation of architectural facades [8, 13, 14, 15] . In order to solve the above-mentioned confusion, this study presents a specific approach to obtain real surfaces from a scanned object on the one hand and a reduction of the data volume on the other. The algorithm is based on mathematical surface clustering techniques. Using this technique, it manages to extract planar surfaces, including parameters of depth. Additionally, surface points belonging to the designated surfaces are filtered. Once one has the planar surfaces of the buildings, several methods can be proposed to extract the feature bounds.
Mathematical models of data integration with filtering
In this section, a new data integration model is suggested for the operating processes in architectural documentation and cultural heritage studies, with the terrestrial laser scanning that uses new data production methods of photogrammetry and surveying. The mathematical model and algorithm in the presented integration model is programmed in MatLAB 7.0 and is tested with the original data set. The functional model is explained, benefiting from the object oriented programming languages in MS Windows system [8, 13, 18] . The point cloud data that is shown in Fig.3.1 . is defined by distinct surfaces. Indoor areas are usually defined by plane surfaces such as walls. Figure 3 .1 shows that point cloud data and different surface construction in three dimensional coordinate system [18] .
www.intechopen.com The first step of the algorithm was to define the reference surface. The reference surface was created by an operator by determining at least five points that belonged to same surface. This process was called adjustment computation for surface parameters in Eq. 3.1. After the process, These values were added to the data set for the column matrix. The second step of the algorithm was the determination process of the slopes of the points in reference to the surface. These values were also embodied to the data set matrix as a column. In this case, the data set matrix was composed of five columns. The suggested filtering function are shown as below [18] . Δ by the reference plane and is parallel to the distance of the points from origin. In this filtering algorithm, the origin point of the coordinate system has to be on the reference plane. This algorithm has mathematical model such as in Eq.3.2. This obligation is basically set up by affine transformation [7, 8] . In this case, i z Δ points get closer to zero. Therefore, the result of the filtering function of the points, which appears on the reference plane, gets closer to 1. Thus, with this filter function one can select the points on the reference plane easily.
Application
In order to facilitate CRP and TLS integration, data of TLS is simplified by a filter in this dissertation study. For this reason, a 3D, object-based filter, based on point weights, which has a mathematical algorithm is developed and is applied in two different data sets under two stages. The dissertation includes the obtained results and used data sets and their accuracy analysis has been made. For the purpose of obtaining TLS point cloud data that will be used in the chapter, scanning's made with Leica HDS 3000 Laser Scanner in the classroom of GYTE Geodetic and Photogrammetric Engineering Department. The developed filter has been coded in Matlab 7.0 software as the base programming language via the flowchart in Fig.3.3 . A plane is made with the points determined by an operator in the first step and after balancing, plane equation parameters are obtained [18] . In the second step, depth differences z Δ in all points are calculated with the obtained parameters. Surfaces are differentiated from each other by a filter containing the geometric surface model and z Δ parameters which are determined according to the average surface parameters calculated. The filter matrix (T) which is manipulated by the filter created under the scope of this dissertation study helps us to compare the results, by the applying it to all of the points. This algorithm was tested with an application in indoor planar surfaces that were placed in the classroom of GIT. The application is provided in the Fig.3.4 . below. At first, each data set was obtained with Leica HDS 3000 scanner identically because of the point density and plane area wideness [9, 10] . A data set of two distinct surfaces with 232 points was chosen, which had an approximate difference of depth between the designated surfaces. This data set is shown in Fig.3 .5. The first surface was selected as a blackboard, and the second one was a wall surface. The difference of depth between the board and the wall was approximately 3 cm. The wall surface was determined as the reference surface and 5 significant points that were necessary for the calculation of the parameters of plane equation were chosen from the mentioned www.intechopen.com surface. In line with those five points, the parameters of the plane and the height of reference surface were determined. The scanning frequency for the data set was 1 cm. Once the group of points belonging to planar surfaces was obtained, different planes existing in our data were observed. With the filtering algorithm, separation of the planes from each other became possible. In this case, this algorithm was some kind of modification of the geometric method based on the plane theory, which enabled location of the data structure. Thus, it was not obligatory to specify the number of classes existing in the data. It was essential because the number of different plane orientations in a data set were unknown. Due to the algorithm, the points were obtained in separated groups that represented planes with a determined weight, by the i z Δ distance from the reference surface. Two points in parallel planes were still in the same group, but they were separated with the weightiness of the T Matrix. The reason for this process was to differentiate the points of different parallel planes and to ascertain the groups of points that were represented in T Matrix within the last column. The calculation of the weight of the points was done with formulation of Eq.3.2. The weights of the points were distributed between 0 and 1. This was the mathematical exponential function of distribution. The result for the classification of the first data set is shown in a Fig.3 .6. below. Secondly, an original data set containing four different surfaces and 3807 points was selected, and the difference of depth between the surfaces of the doors, borders, wall, and columns was changing from 7 cm. to 20 cm. Fig.3.7 shows that data set within four different surfaces. The result for the classification of the second data set is shown in Fig.3 .8 above. Hence, the ASCII file was randomly composed with the coordinates of the surface. In this case, affine coordinate transformation was considered necessary. The Cyclone 5.2 software randomly collected the X, Y, Z data to the txt format. Therefore, the operator manually selected the points that were used in the rectification for all surfaces. This process caused extra time consumption and resulted in mismatching surface points when the deepness of the surfaces was in close proximity. With this algorithm, the operator was able to find the right coordinates automatically for image rectification from X, Y, Z ASCII file, whose points belonged to the surface for photogrammetric image rectification, without any additional coordinate transformation [14, 17, 18] . The data was collected from the hardware in accordance with the time, and the filtering algorithm could be applied directly [18] . 
Accuracy analysis
The analysis of the filter program coded and accuracy given by the function necessitates a real effort and relatively long time. Since data sets contain data structure, a comparison between operational and visual differentiation is necessary for determining true accuracy. Because of that, accuracy ratios obtained in the application are obtained over two data sets and the resultant accuracies are determined. First data set and second data set point clouds are analyzed individually by the operator under CAD environment and for each point coordinate information, whether they belong to a surface or not are visually inspected and recorded. Those recordings and surface results obtained with the filter are compared. In these comparisons, for the two surfaces used and classified in the first data set, 2 of total 232 points are classified under different surfaces. In the classification of two surfaces with total 352 points, 17 points are seen to be on different surfaces. This accuracy represents approximately 90-98% accuracy for the first data set. The second data set is composed of total 3807 points and belongs to 4 surfaces. With the evaluation on this data set, 279 points are determined to be classified in different surfaces. This ratio is again approximately 92%. When these misclassified positions of the points are examined, the errors generally occur on the points which are most close to the surface limit in the surface transitions. This means the necessity of using the skewed parameters used in this filter model by the help of a better method. These skewed parameters should be optimized and their significance should be increased in the function [11] [12] [13] [14] [15] [16] [17] [18] . In Table 3 .1 and 3.2, there are some samples from the tables created in Excel software, for the accuracy analysis of data sets that enters into the filter. In these tables, the first part is T analysis matrix outputs; the second part is the true values differentiated from the raw data, depending on the surface that they belong to. The column of difference represents differences of Coordinate X. When the column of difference gets the value of zero, the points are the same and in that line, the point is on the right surface [18] .
Conclusion
The analysis of the developed software and determination of the surfaces has been made as a result of the analysis matrix obtained by the application made with the recommended filtering model and selected sample data. In consideration of these data, feasibility and accuracy of the selected model is detected.
With the statistical analysis, it has been determined that the model gives an accurate result for data under 9 mm scanning frequency with approximately 90% accuracy. However, since the applied model and filtering technology operates based on point data, the greater the point data, the higher the processing time and the lower the program speed. Additionally, local data and especially Lidar originated data should be inspected and the analysis of results should be performed in surveying engineering.
With this chapter, we observe that terrestrial laser scanners (TLS) and photogrammetric technologies need equipment (hardware) and data based integration as the first step of the process. Obviously, TLSs are independent equipments which depend on their own algorithm and optical (Laser) structures. Photogrammetric technologies are methods based on seen light and used with independent equipment (camera). When these two independents are used in measurement equipment, there is definitely a need for integration. When the equipment integration is not fulfilled, an integration of data is crucial at least. Current TLS equipment and some of the sub-software satisfy some parts of this integration; however this integration is not used completely independent from operators. The processes and difficulties are determined in this chapter, which is made for a kind of data integration, and an approach to solve these issues is presented [18] . Generaly, made on terrestrial laser scanner coordinate system does not use affine transformation. Thus, point cloud data listed disorderly by Cyclone 5.2 software are classified in a surface-based way, so it passes through a filter. Considering the core software as the result of the research, a general advantagedisadvantage list is shown below for the functional model: Advantages;
• It can differentiate the surfaces with two distinct depth by the accuracy of 90% • It is a function designed for the MatLAB environment.
•
It has an object-oriented structure that can be developed under Windows.
• It can give faster and more accurate results for limited data intensity and for quick, small scale experiments.
• It provides hardware data integration.
The extremes of the filter function can be defined and always are positive because of the exponential filtering technique. Disadvantages;
When the data density is increased, time of the operation gets longer.
The credibility is an issue of question for various types of data and in terms of data intensity.
It is sensible to the limitations deriving from the hardware and the processor.
• It does not have the structure of an object-oriented function.
• It has not yet been applied to wide range photogrammetric studies. This approach for planar segmentation is valid for monuments with planar surfaces. It drastically reduces the huge amount of laser data and adds information about the nature of the data. Thus, this data can be treated easily with most of the existing CAD software for 3D modeling or other applications. Some precautions in data acquisition should be taken for future works in surveying engineering. First, the location of the stations should ensure both the complete covering of the object and the most possible homogeneity along each single scan in surveying. Another precaution is to perform the image rectification in the close range photogrammetric and surveying applications at the end. Consequently, it is seen that TLS data can be used in photogrammetric, three dimensional modeling, in reducing the work steps that depend on operator and in point analysis research with the combination of software and hardware integration methods. 
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